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1
METHOD AND SYSTEM FOR VACUUM
GENERATION

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims the benefit of and priority
to U.S. Provisional Patent Application No. 61/737,004, filed
on Dec. 13, 2012, the content of which is incorporated
herein by reference for all purposes.

FIELD

The present invention relates to improving the vacuum
generation efficiency of an ejector coupled to an engine
system.

BACKGROUND/SUMMARY

Vehicle systems may include various vacuum consump-
tion devices that are actuated using vacuum. These may
include, for example, a brake booster. Vacuum used by these
devices may be provided by a dedicated vacuum pump. In
still other embodiments, one or more ejectors may be
coupled in the engine system that may harness engine
airflow and use it to generate vacuum.

As such, an amount of vacuum generated at an ejector can
be controlled by controlling the motive air flow rate through
the ejector. In one example, this may be achieved through
the use of a large, electric solenoid valve positioned
upstream of the ejector. By controlling the opening of the
solenoid valve, the amount of rate and air flowing through
the ejector can be varied, thereby adjusting vacuum genera-
tion as engine operating conditions change. However, the
inventors herein have recognized that such solenoid valves
can add significant component and operating costs to the
engine system. As a result, the cost of including the valve
may reduce the advantages of ejector vacuum control. As
such, if the air flow through the ejector is not controlled, the
full vacuum generation potential of the ejector may not be
taken advantage of.

Thus in one example, the above issue may be at least
partially addressed by a method of operating an engine that
enables lower cost ejector vacuum control. The method
includes opening a vacuum-actuated valve responsive to
vacuum level at a vacuum reservoir to vary a motive flow
through an ejector coupled across an intake throttle, the
valve coupled upstream (or downstream) of the ejector. The
vacuum may be drawn at the ejector and the drawn vacuum
may be stored in the vacuum reservoir. In this way, motive
flow can be increased in response to a need for vacuum
replenishment.

For example, an engine system may include an ejector
coupled across an intake throttle in a bypass passage. A
vacuum-actuated valve may be coupled upstream of the
ejector to vary a motive flow through the ejector. The
vacuum-actuated valve may be controlled by an electrically
controlled vacuum solenoid. Vacuum may be applied to
open the valve and the vacuum chamber may be vented to
atmosphere (or some higher pressure) to close the ejector’s
motive flow valve. The vacuum solenoid is coupled to a
vacuum reservoir (e.g., a brake booster vacuum reservoir).
In such an embodiment, an opening or closing of the vacuum
solenoid may be adjusted by an engine controller based on
the vacuum level of the reservoir, with the opening or
closing of the vacuum solenoid affecting the opening or
closing of the vacuum-actuated valve. In an alternate
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embodiment, the vacuum-actuated valve may be directly
coupled to the vacuum reservoir with no solenoid in
between. In such an embodiment, the opening or closing of
the vacuum-actuated valve may be directly adjusted based
on the vacuum level of the reservoir. In both cases, when the
vacuum level in the reservoir is lower (e.g., below a thresh-
0ld), the valve may be actuated open so as to increase motive
flow through the ejector. This increased motive flow results
in a corresponding increase in vacuum generation at the
ejector, which can then be used to replenish the vacuum
reservoir. In contrast, when the vacuum level in the reservoir
is higher (e.g., above the threshold), the valve may be
actuated closed so as to decrease motive flow through the
ejector. This decreased motive flow results in a correspond-
ing decrease in vacuum generation at the ejector. By only
allowing motive flow when the vacuum reservoir needs it’s
vacuum replenished, that motive flow has the least oppor-
tunity to cause air flow disturbances where engine air flow
rate is in excess of desired engine air flow rate.

It will be appreciated that in alternate embodiments, the
ejector may be located such that the high pressure side of the
ejector is downstream of the air filter, the crankcase, and at
the compressor outlet. Likewise, alternate taps for the low
pressure side of the ejector may be downstream of the air
filter and the crankcase.

In this way, motive flow through an ejector can be
adjusted based on vacuum requirements. By opening a
vacuum-actuated valve, coupled upstream of the ejector, in
response to a drop in vacuum levels at a vacuum reservoir,
motive flow at the ejector can be increased to replenish the
reservoir. Then, once the vacuum is sufficiently full, the
valve may be closed. Overall, the vacuum generation effi-
ciency of the ejector and ejector motive flow control is
improved without substantially increasing component cost
or complexity.

It will be understood that the summary above is provided
to introduce in simplified form a selection of concepts that
are further described in the detailed description, which
follows. It is not meant to identify key or essential features
of the claimed subject matter, the scope of which is defined
by the claims that follow the detailed description. Further,
the claimed subject matter is not limited to implementations
that solve any disadvantages noted above or in any part of
this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure will be better
understood from reading the following detailed description
of non-limiting embodiments, with reference to the attached
drawings, wherein:

FIG. 1 shows a schematic depiction of an engine system
including a valved ejector.

FIGS. 2-5 show alternate embodiments of an engine
system including a valved ejector.

FIG. 6 shows a detailed view of a vacuum-actuated valve
for controlling motive flow through the ejector.

FIG. 7 shows an embodiment of the engine system
wherein motive flow through the ejector is controlled using
a vacuum-actuated throttle.

FIG. 8 shows a high level flow chart illustrating a routine
that may be implemented for controlling the operation of the
vacuum-actuated valve (or throttle) to adjust a motive flow
rate through the ejector.
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FIG. 9 shows example valve adjustments performed to
vary motive flow through and vacuum generation at an
ejector.

DETAILED DESCRIPTION

Methods and systems are provided for controlling an
motive flow through an ejector coupled to an engine system,
such as the engine systems of FIGS. 1-5 and 7, at low cost.
A motive flow valve may be coupled to the ejector, as shown
at FIGS. 1-5. The valve may be pneumatically controlled
and vacuum actuated so that motive flow through the valved
ejector can be appropriately increased or decreased (FIG. 6).
In some embodiments, as shown at FIG. 7, a vacuum-
actuated throttle may be used to control motive flow through
the ejector. By coupling the vacuum-actuated valve (or
throttle) to a vacuum reservoir of the engine system, the
valve may be actuated open or closed based on vacuum
replenishment needs. A controller may be configured to
perform a control routine, such as the example routine of
FIG. 8, to open the valve to increase motive flow (and
vacuum generation) at the ejector when vacuum availability
at the reservoir is low, while closing the valve to decrease
motive flow (and vacuum generation) at the ejector when the
vacuum in the reservoir is replenished. Example valve
adjustments are described at FIG. 9. In this way, a low cost
solution for ejector motive flow control is provided.

FIG. 1 shows a first example embodiment of an engine
system including a valved ejector. FIGS. 2-5 show alternate
embodiments of the engine system. A further embodiment is
shown in FIG. 7. As such, components introduced in FIG. 1
are similarly numbered in subsequent figures and not rein-
troduced.

Turning to FIG. 1, it shows an example engine system 10
including an engine 12. In the present example, engine 12 is
a spark-ignition engine of a vehicle, the engine including a
plurality of cylinders (not shown). Combustion events in
each cylinder drive a piston which in turn rotates a crank-
shaft, as is well known to those of skill in the art. Further,
engine 12 may include a plurality of engine valves for
controlling the intake and exhaust of gases in the plurality of
cylinders.

Engine 12 has an engine intake 23 that includes an air
intake throttle 22 fluidly coupled to an engine intake mani-
fold 24 along an intake passage 18. Air may enter intake
passage 18 from an air intake system (AIS) including an air
cleaner 33 in communication with the vehicle’s environ-
ment. A position of throttle 22 may be varied by a controller
50 via a signal provided to an electric motor or actuator
included with the throttle 22, a configuration that is com-
monly referred to as electronic throttle control (ETC). In this
manner, the throttle 22 may be operated to vary the intake air
provided to the intake manifold and the plurality of engine
cylinders. The intake 23 may include throttle inlet pressure
sensor 58 and a manifold air pressure sensor 60 for provid-
ing respective signals MAF and MAP to controller 50.

In some embodiments, engine system 10 is a boosted
engine system, where the engine system further includes a
boosting device. In the present example, intake passage 18
includes a compressor 90 for boosting an intake aircharge
received along intake passage 18. A charge air cooler 26 (or
intercooler) is coupled downstream of compressor 90 for
cooling the boosted aircharge before delivery to the intake
manifold. In embodiments where the boosting device is a
turbocharger, compressor 90 may be coupled to, and driven
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by an exhaust turbine (not shown). Further compressor 90
may be, at least in part, driven by an electric motor or the
engine crankshaft.

An optional bypass passage 28 may be coupled across
compressor 90 so as to divert at least a portion of intake air
compressed by compressor 90 back upstream of the com-
pressor. An amount of air diverted through bypass passage
28 may be controlled by opening compressor bypass valve
(CBV) 30 located in bypass passage 28. By controlling CBV
30, and varying an amount of air diverted through the bypass
passage 28, a boost pressure provided downstream of the
compressor can be regulated. This enables boost control and
surge control.

In some embodiments, engine system 10 may include a
positive crankcase ventilation (PCV) system (not shown)
that is coupled to the engine intake so that gases in the
crankcase may be vented in a controlled manner from the
crankcase. Therein, during non-boosted conditions (when
manifold pressure (MAP) is less than barometric pressure
(BP)), air is drawn into the crankcase via a breather or vent
tube 64. Crankcase ventilation tube 64 may be coupled to
fresh air intake passage 18 upstream of compressor 90. In
some examples, the crankcase ventilation tube 64 may be
coupled downstream of air cleaner 33 (as shown). In other
examples, the crankcase ventilation tube may be coupled to
intake passage 13 upstream of air cleaner 33. A pressure
sensor 59 may be coupled in the crankcase vent tube 64 to
provide an estimate of the crankcase vent tube pressure and
the compressor inlet pressure.

A conduit 80, parallel to air intake passage 18, may be
configured to divert a portion of the intake air received from
downstream of the air cleaner 33 and the compressor 90 to
intake manifold 24 via an ejector 160. Conduit 80 may be
coupled to air intake passage 18 at a point downstream of
charge air cooler 26. Ejector 160 may be an ejector, aspi-
rator, eductor, venturi, jet pump, or similar passive device. In
the present example, the ejector is a three port device
including a motive inlet, a mixed flow outlet, and a throat/
entraining inlet. Ejector 160 has an upstream motive flow
inlet via which air enters the ejector. Ejector 160 further
includes a neck or entraining inlet communicating with a
vacuum reservoir 38 along a first passage 82. Air flowing
through the motive inlet may be converted to flow energy in
the ejector 160, thereby creating a low pressure communi-
cated to the neck (or entraining inlet) and drawing a vacuum
at the neck. Vacuum drawn at the neck of ejector 160 is
directed to vacuum reservoir through first check valve 72
located in the first passage 82. The first check valve 72
allows vacuum reservoir 38 to retain any of its vacuum
should the pressures in the ejector’s motive inlet and the
vacuum reservoir equalize. While the depicted embodiment
shows first check valve 72 as a distinct valve, in alternate
embodiments of the ejector, check valve 72 may be inte-
grated into the ejector.

Ejector 160 further includes a downstream mixed flow
outlet via which air that has passed through ejector 160 can
exit and be directed to intake manifold 24. As such, intake
manifold 24 is also coupled to vacuum reservoir 38 along
second passage 84. Check valve 74 in second passage 84
allows vacuum generated at the intake manifold to be
directed to vacuum reservoir 38 but does not allow air flow
from the intake manifold to the vacuum reservoir. Also,
during conditions when air pressure in the intake manifold
is higher, check valve 74 does not allow air to flow back
through the ejector and into conduit 80, from where the air
may be directed back to the intake passage, upstream of
compressor 90. Since the vacuum reservoir 38 can receive
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vacuum directly from intake manifold 24, second check
valve 74 allows vacuum reservoir 38 to retain any of its
vacuum should the pressure in the intake manifold 24 and
the vacuum reservoir equalize. In some embodiments, check
valve 74 may be referred to as the bypass path, providing a
high flow rate path for air from the vacuum reservoir to the
intake manifold. This flow path dominates while reservoir
pressure is above manifold pressure. As such, the high
pressure point in the depicted system (compressor outlet)
may always connect to the ejector inlet and the ejector outlet
point may be routed to the low pressure point (intake
manifold). In an alternate embodiment, the ejector outlet
may be routed to the lowest pressure point via check valves.
On a boosted engine, the low pressure point may sometimes
be the intake manifold and at other times may be the
compressor inlet. In still further embodiments, actively
controlled valves may be used in place of the passive check
valves if it is cost effective.

Vacuum reservoir 38 may be coupled to one or more
engine vacuum consumption devices 39. For example,
vacuum consumption device 39 may be a brake booster
coupled to vehicle wheel brakes wherein vacuum reservoir
38 is a vacuum cavity in front of a diaphragm of the brake
booster. Therein, vacuum reservoir 38 may be an internal
vacuum reservoir configured to amplify a force provided by
a vehicle operator 130 via a brake pedal 134 for applying
vehicle wheel brakes (not shown). A position of the brake
pedal 134 may be monitored by a brake pedal sensor 132. In
alternate embodiments, the vacuum reservoir may be a low
pressure storage tank included in a fuel vapor purge system,
avacuum reservoir coupled to a turbine wastegate, a vacuum
reservoir coupled to a charge motion control valve, etc. In
some embodiments, as depicted, a vacuum sensor 40 (or
pressure sensor) may be coupled to the vacuum reservoir 38
for providing an estimate about the vacuum level at the
reservoir.

A vacuum-actuated valve 150 (herein also referred to as
ejector motive flow control valve 150) may be coupled
upstream of ejector 160 in conduit 80. As elaborated herein
with reference to FIG. 6, an opening of vacuum-actuated
valve 150 may be adjusted based on an engine vacuum
requirements to thereby vary a motive flow (amount and/or
rate) through the ejector. For example, the opening may be
adjusted based on a vacuum level of vacuum reservoir 38
such that valve 150 is opened (or an opening is increased)
responsive to a low vacuum condition (e.g., responsive to a
vacuum level at the vacuum reservoir being lower than a
threshold). Further, valve 150 may be closed (or an opening
may be decreased) responsive to a high vacuum condition
(e.g., responsive to the vacuum level at the vacuum reservoir
being higher than the threshold). By varying the motive flow
through the ejector 160, an amount of vacuum drawn at the
ejector neck can be modulated to meet engine vacuum
requirements.

Vacuum-actuated valve 150 consists of a vacuum-actuator
151 and a valve 152. Vacuum-actuated valve 150 further
includes a vent 153. That vent may be connected to the
motive flow conduit either upstream or downstream of the
valve. Alternatively, the vent may connect to atmosphere.
The vacuum actuator may be a linear or rotational actuator.
The valve may be a pivoting plate, a gate valve, a poppet
valve, etc.

Vacuum-actuated valve 150 may be coupled to vacuum
reservoir 38 directly or indirectly. For example, as depicted
in the embodiment of FIG. 1, valve 150 is coupled to
vacuum reservoir 38 via vacuum solenoid 170. Vacuum
solenoid 170 may be controlled by controller 50 based on the
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vacuum level in vacuum reservoir 38. By controlling the
vacuum solenoid to control the vacuum-actuated valve,
controller 50 may have near full control over the vacuum-
actuated valve, thereby controlling the ejector’s motive flow.
When vacuum requirements are high due to actuation of
various engine vacuum consumers and while vacuum levels
in vacuum reservoir 38 are lower than a threshold, vacuum
solenoid 170 may be positioned to apply atmospheric air (or
a high gas pressure of any type) to 150 to insure that the
ejector motive flow control valve is open. As a result,
vacuum-actuated valve 150 may be vented (via vent 153)
and exposed to atmospheric pressure. This opens vacuum-
actuated valve 150 and increases ejector motive flow,
thereby generating more vacuum at the ejector which may
be used by the various vacuum consumers. In comparison,
when there is sufficient vacuum at the vacuum reservoir
(e.g., while vacuum levels in vacuum reservoir 38 are higher
than the threshold), vacuum solenoid 170 may be positioned
such that the available vacuum is applied to the ejector
valve’s pneumatic actuator 151 and it closes. As a result,
vacuum-actuated valve 150 may be exposed to the high
vacuum conditions of the reservoir. This closes vacuum-
actuated valve 150 and decreases ejector motive flow. In this
way, the vacuum-actuated valve may be controlled to pro-
vide a high motive flow rate ejector without degrading the
intake throttle’s ability to establish idle air flow rates during
hot idle conditions.

As such, the engine has a very low air flow rate require-
ment when the engine is up to operating temperature, the
Front End Accessory Drive (FEAD) loads are low, and the
torque converter loads are low. By opening the ejector valve
on an on-demand basis, conditions where the ejector motive
flow can cause air flow greater than desired are reduced
(e.g., minimized). Since air flow rate greater than desired
leads to extra fuel being injected, by reducing the likelihood
of air flow disturbances, engine performance and fuel
economy is improved.

As shown at FIG. 1, a neck of the ejector 160 is coupled
to the vacuum reservoir 38 along first passage 82, while an
outlet of the ejector 160 is coupled to the vacuum reservoir
38 along second passage 84 and while the vacuum-actuated
valve 150 is coupled to the vacuum reservoir 38 along third
passage 102 via vacuum vent solenoid 170. Each of the first,
second, and third passages may then merge at fourth passage
86, downstream (in the direction of flow) of an outlet of the
vacuum reservoir. Each of the first and second passages
includes respective check valves to control flow direction
to/from the reservoir. The second passage 84 further couples
the vacuum reservoir 38 to the engine intake manifold 24
downstream (in the direction of flow) of a juncture with the
ejector outlet.

A second, alternate embodiment 200 is shown at FIG. 2.
In the depicted embodiment, vacuum-actuated valve 150 is
directly coupled to vacuum reservoir 38 with no intermedi-
ate solenoid valve. As depicted, a neck of the ejector 160 is
coupled to the vacuum reservoir 38 along first passage 82,
while an outlet of the ejector 160 is coupled to the vacuum
reservoir 38 along second passage 84 and while the vacuum-
actuated valve 150 is directly coupled to the vacuum reser-
voir 38 along third passage 102 without an intervening
vacuum vent solenoid 170. Each of the first, second, and
third passages may then merge at fourth passage 86, down-
stream (in the direction of flow) of an outlet of the vacuum
reservoir. Each of the first and second passages includes
respective check valves to control flow direction to/from the
reservoir. The second passage 84 further couples the vacuum
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reservoir 38 to the engine intake manifold 24 downstream
(in the direction of flow) of a juncture with the ejector outlet.

The depicted implementation results in the vacuum-actu-
ated valve opening when vacuum levels in the vacuum
reservoir are low and the valve closing when vacuum levels
in the vacuum reservoir are high. As an example, the
vacuum-actuated valve may open in response to low brake
booster vacuum and close in response to high brake booster
vacuum. It will be appreciated that while the depicted
embodiments are described using a brake booster as the
vacuum consumer, in alternate embodiments, an alternate
engine vacuum consumer may be substituted. For example,
the vacuum reservoir may be coupled to one or more of a
brake booster, a purge canister, a charge motion control
valve, crankcase ventilation, and a turbine wastegate. Fur-
ther still, any vacuum reservoir may be substituted. In this
way, by coupling the valve directly to the vacuum reservoir,
and adjusting the opening of the vacuum-actuated valve
based on the vacuum level of the vacuum reservoir, the
ejector valve may be actuated open any time the vacuum
reservoir needs replenishment.

A third, further embodiment 300 is shown at FIG. 3. In the
depicted embodiment, vacuum-actuated valve 150 is
directly coupled to intake manifold 24 with no intermediate
solenoid valve. In the depicted configuration, the neck of the
ejector is coupled to the vacuum reservoir along the first
passage 82, an outlet of the ejector is coupled to the vacuum
reservoir along the second passage 84, the second passage
further coupling the vacuum reservoir to an engine intake
manifold downstream of a juncture with the ejector outlet,
each of the first and second passages including a check
valve. However, the vacuum-actuated valve is coupled along
third passage 302 to the vacuum reservoir and the intake
manifold via the second passage 84. Specifically, third
passage 302 may be coupled to second passage 84 upstream
of the juncture of second passage 84 with the ejector outlet.

The depicted implementation results in the vacuum-actu-
ated valve opening when intake manifold vacuum is low and
the valve closing when intake manifold vacuum is high. This
configuration provides synergistic benefits with throttle con-
trol and air flow control. Specifically, when the intake
throttle 22 is near a closed position and is at risk of running
out of authority (that is, hitting the closed stop position), the
intake manifold vacuum is high and motive flow is not
required. During these very conditions, the vacuum-actuated
valve is closed and motive flow is not provided, thereby
overcoming airflow errors and related disturbances. In this
way, by coupling the valve directly to the vacuum reservoir,
and adjusting the opening of the vacuum-actuated valve
based on the vacuum level of the intake manifold, the ejector
valve may be actuated open any time the intake manifold
vacuum needs to be supplemented with additional vacuum.

In the depicted configuration, the vacuum reservoir 38 is
primarily supplied vacuum from the intake manifold via
check valve 74. However when this vacuum source wanes,
the ejector motive flow control valve 150 opens to supply
vacuum via check valve 72. In this way, the occasion for
throttle bypass flow is minimized.

A fourth, still further embodiment 400 is shown at FIG. 4.
In the depicted embodiment, vacuum-actuated valve 150 is
again directly coupled to vacuum reservoir 38 with no
intermediate solenoid valve. However, in the depicted con-
figuration, a neck of the ejector is coupled to the vacuum
reservoir along first passage 82, an outlet of the ejector is
coupled to the vacuum reservoir along second passage 84,
the second passage further coupling the vacuum reservoir to
an engine intake manifold downstream of a juncture with the
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ejector outlet, each of the first and second passages including
a check valve. Herein, the vacuum-actuated valve is coupled
to the throttle body in a manner known as a “ported throttle”.
A passage is placed into the throttle bore such that, depend-
ing on throttle position, the port is exposed to either high
pressure pre-throttle air or low pressure post-throttle air.
When the throttle is in the most closed position (e.g., as
shown at 410), the port is exposed to high vacuum and the
ejector motive flow control valve closes. When the throttle
opens 4 to 7° (e.g., as shown at 412), the port is exposed to
high pressure pre-throttle air and the ejector motive flow
control valve opens. The depicted implementation results in
the vacuum-actuated valve opening when intake throttle
angle is off and the valve closing when the intake throttle is
near an idle-stop position. This configuration also enables
synergistic benefits with throttle control and air flow control.
Specifically, when the intake throttle 22 is near a closed
position and is at risk of running out of authority (that is,
hitting the closed stop position), the intake manifold vacuum
is high and motive flow is not required. During these very
conditions, the vacuum-actuated valve is closed and motive
flow is not provided, thereby overcoming airflow errors and
related disturbances. Further, by closing the vacuum-actu-
ated valve, throttle authority over low engine air flow rates
is restored.

As such, there may be concerns that the opening and
closing of the valved ejector may cause a disturbance that
cannot be sufficiently rejected by controller 50. To address
this, a fifth, yet further embodiment 500, as shown at FIG.
5, may be implemented. In the depicted embodiment,
vacuum-actuated valve 150 is again directly coupled to
vacuum reservoir 38 with no intermediate solenoid valve.
The depicted embodiment shows the valve in an open
position since it is exposed to low vacuum. In the depicted
configuration, the vacuum-actuated valve 150 may be
coupled to the vacuum reservoir via two vacuum passages
502 and 504, each of the passages 502, 504 including
respective orifices 512, 514 for tuning the rates of valve
actuation. In particular, first orifice 512 positioned in first
vacuum passage 502, downstream of check valve 92, may
govern the opening time of valve 150 while second orifice
514 positioned in second passage 504, upstream of check
valve 94 governs the closing time of valve 150. By including
an orifice in the passages 502, 504 coupled between the
vacuum reservoir 38 and the vacuum-actuated valve 150, the
opening and closing of the vacuum-actuated valve is slowed
down. In doing so, air flow disturbances arising during
opening or closing of the ejector valve can be reduced.

It will be appreciated that while the depicted embodiment
uses orifices to tune the valve actuation rates, in alternate
embodiments, the disturbances may be addressed by includ-
ing a position sensor coupled on to the vacuum-actuated
valve. When included, the position sensor may be coupled to
the vacuum actuator of the vacuum-actuated valve (such as
to actuator 151 of valve 150 at FIG. 1). Alternatively, the
position sensor may be coupled to the valve’s solenoid, such
as vacuum vent solenoid 170 of FIG. 1. Independent of
actuation technology, the position sensor may be configured
to feed data regarding the position of the valve to the engine
controller so that air flow disturbances can be appropriately
and more accurately compensated for. This is because with
the position sensor, an opening and closing of the pneumatic
motive flow control valve may not be knowable as it is based
on the vacuum reservoir’s vacuum level. In other words,
vacuum measurement (e.g., booster vacuum measurement)
may be additionally required to determine the position of the
vacuum-actuated valve 150. Herein, by having a position
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sensor coupled to vacuum vent solenoid 170 or vacuum
actuator 151, the position sensor may be used by an engine
controller’s air charge management system to be aware of
the state of this flow passage into the intake manifold.

It will be appreciated that, when include, the position
sensor is also reflective of the reservoir vacuum level. For
example, where the reservoir is coupled to a brake booster,
the position sensor is also reflective of brake booster
vacuum, albeit at a lower fidelity than a conventional
vacuum sensor, such as vacuum sensor 40. However, the
position sensor may still be capable of registering essentially
a binary signal indicative of either a first condition where the
vacuum-actuated motive flow control valve is open due to
insufficient brake booster vacuum, or a second condition
where the vacuum-actuated motive flow control valve is
closed due to sufficient brake booster vacuum. While this
data alone is insufficient to trigger hydraulic brake assist (in
the event that vacuum brake assist becomes unavailable), it
can be used as enhancing data in a model of brake booster
vacuum. Further, while the example is explained in the
context of a brake booster vacuum reservoir, the same may
be applicable to other vacuum reservoirs coupled to alternate
engine vacuum consumers, such as a charge motion control
valve (CMCV) vacuum reservoir (as discussed herein at
FIG. 7).

In still further embodiments, where the engine system
includes each of a vacuum sensor coupled to a vacuum
reservoir (such as vacuum sensor 40 coupled to a brake
booster) and a position sensor coupled to the vacuum-
actuated motive flow control valve 150, the sensors may be
used for diagnostic purposes. Specifically, it would relieve
the need to infer true ejector motive flow control valve
position from intake manifold pressure or fuel flow rate
combined with air-fuel ratio (AFR) feedback.

As such, the adjustments to the motive flow rate through
the ejector may not substantially affect air flow rate change.
However, in all the depicted embodiments, the adjustments
to the motive flow rate through the ejector may be compen-
sated for by corresponding adjustments to intake throttle 22.
By performing corresponding adjustments, an air flow to the
engine intake manifold is maintained at a desired level. As
an example, responsive to a closing of the vacuum-actuated
valve to decrease motive flow through the ejector, an open-
ing of the intake throttle may be correspondingly increased
(e.g., the intake throttle may be moved to a more open
position). Likewise, responsive to an opening of the
vacuum-actuated valve to increase motive flow through the
ejector, an opening of the intake throttle may be correspond-
ingly decreased (e.g., the second throttle may be moved to
a more closed position).

Returning to FIG. 1, engine system 10 may also include
a control system 46 including a controller 50, sensors 51 and
actuators 52. Example sensors include mass air flow sensor
58, manifold air pressure sensor 60, crankcase vent tube
pressure sensor 59, and vacuum sensor 40. Example actua-
tors include engine valves, CBV 30, intake throttle 22, and
vacuum vent solenoid 170. Controller 50 may further
include a physical memory with instructions, programs
and/or code for operating the engine. An example routine
executed by controller 50 is shown at FIG. 8.

Now turning to FIG. 6, a sectional view 600 of the
vacuum-actuated valve 150 of FIGS. 1-5, which controls
motive flow through the ejector 160, is shown. Valve 150
includes a horizontal passage 602 with a converging inlet
601 coupled to the intake passage and configured to receive
filtered air from downstream of the compressor and charge
air cooler. Horizontal passage 603 further includes a diverg-
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ing outlet 604 coupled to an ejector and then to the intake
manifold 24 (or other low pressure node). Outlet 604 may be
a gradually diverging conic section. In one example, outlet
604 may diverge at an angle in the range of 5° to 10°. Valve
150 further includes a vertical passage 608 extending
through the horizontal passage at a juncture 612 of the inlet
and the outlet (which may alternatively be referred to as a
gap between the inlet and the outlet). A diameter of outlet
604 at juncture 612 may be slightly larger than, or the same
as, a diameter of inlet 601 at juncture 612. In one example,
the diameter of the inlet at the juncture may be 8.0 mm, and
the diameter of the outlet at the juncture may be 9 mm. The
valve may further include a vent 606 that couples the
cylinder volume to the inlet 604. The vent exposes the
bottom of the piston to an air pressure higher than the
vacuum applied at 622. The vent may also be connected to
604 or the vent may be connected to the intake manifold. If
connected to the intake manifold, a boosted pressure in the
intake manifold tends to put a high pressure on the bottom
of the piston which tends to close the valve. This may be
useful if one wishes to prevent reverse flow through the
valve 150 during boosted operation. While one is trying to
build boost, leaking boost out is undesirable. However, once
boost is established, leaking out boost may add surge
margin, which is desirable.

Valve 150 may be configured as a gate valve while its
actuator may be configured as a piston or a diaphragm. FIG.
6 shows the gate valve in the closed position. Instead of
using a piston ring to seal to the cylinder wall, the piston
only fully seals when it is in either extreme position. As
such, by not using a piston, sealing problems associated with
a piston are reduced. In the depicted embodiment, the flow
area of the gate valve is narrowed at juncture 612, similar to
a venturi, so as to reduce the opening force required when
the valve is closed and when a high pressure difference
(delta P) exists across the valve. By narrowing the flow area
gently and modestly, the geometry’s pressure recovery is
near 100%, thus not causing significant pressure drop across
the valve when the valve is open. It will be appreciated that
in alternate embodiments, the gate valve may cover the
whole flow area.

An actuator 613 coupled to vertical passage 608 controls
a position of gate 610 which is vertically extendable/retract-
able in the vertical passage. Actuator 613 includes spring
616 in compression. Actuator 613 further includes an open-
ing 614 in the blade of the gate valve. Thus, by varying a
compression of spring 616, a position of gate 610 and
opening 614, relative to juncture 612, may be changed.
Since the valve is vacuum-actuated, actuator 613 may be
coupled to a vacuum source (such as a vacuum reservoir) via
vacuum port 622. By coupling the actuator to a vacuum
source via vacuum port 622, vacuum may be applied to
increase compression of springs 616, thereby moving gate
610 further into vertical passage 608, and closer to juncture
612, so as to close valve 150. Specifically, when the vacuum
force exceeds the spring force, the gate valve retracts. O-ring
seals 618 may be included in vertical passage 608 immedi-
ately above and below block 620, which surrounds com-
pression springs 616, to prevent leakage of motive flow into
the vacuum reservoir when the ejector is fully closed.

As such, gate valves tend to drag when there is a pressure
difference across them. Resistance to motion (coulomb
friction or stiction) adds hysteresis to the valve motion, as
shown at plot 650. Therein, a slope on the position vacuum
curves due to the variable spring force (as the spring
compresses, its force increases). In some embodiments, the
friction can increase with a pressure differential across the
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valve, producing a hysteretic behavior as shown at plot 655.
However, the resulting hysteretic behavior (as shown at
plots 650 or 655), serendipitously, is advantageous for
minimizing valve transitions which may otherwise tend to
wear the valve.

It will be appreciated that while the depicted embodiment
shows valve 150 as a gate valve, in alternate embodiments,
the valve may be a balanced force valve. These may include,
for example, throttles (pivoting disks) and poppet valves
with equal pressure on each side of the valve.

FIG. 7 shows a further embodiment 700 of the engine
system of FIG. 1 wherein the vacuum-actuated valve
includes a rotational vacuum actuator instead of a linear
vacuum actuator (as used in the embodiments of FIGS. 1-5)
and wherein the valve further includes a pivoting disk
instead of a gate valve. Herein, the vacuum-actuated valve
is a vacuum-actuated throttle valve.

In the embodiment of FIG. 7, valve 150 includes a first
rotational vacuum actuator 704 coupled to a throttle 702. As
such, throttle 702 of valve 150 may be smaller in diameter
than intake throttle 22. For example, throttle 702 may have
a diameter of 12 mm while intake throttle 22 has a diameter
of 80 mm. As with the other embodiments, the throttle 702
and actuating diaphragm of valve 150 may cause the valve
to close when exposed to high reservoir vacuum. When the
vacuum port of first rotational vacuum actuator 704 is
exposed to low vacuum levels of vacuum reservoir 38,
throttle 702 is opened, increasing motive flow through
ejector 160.

In addition to first rotational vacuum actuator 704, a
vacuum vent solenoid 708 may also be coupled to the
vacuum reservoir 38. The vacuum vent solenoid 708, how-
ever, may not be coupled between the vacuum reservoir 38
and the first rotational vacuum actuator 704. Rather, the
vacuum vent solenoid 708 may be coupled along conduit
706 to a second rotational vacuum actuator 714. This second
rotational vacuum actuator 704 may, in turn, be coupled to
a charge motion control valve (CMCV) 716. CMCV 716
includes a stem coupled to multiple throttle 718, each
throttle positioned within a distinct port of the intake mani-
fold. Thus, based on the vacuum level of the reservoir,
vacuum vent solenoid 7108 may actuate second rotational
vacuum actuator 714, thereby adjusting a position CMCV
716. As such, by moving CMCV 716, an amount of intake
manifold vacuum generated can be varied. Further, intake air
flow adjustments may be made.

Now turning to FIG. 8, an example routine 800 is shown
for operating the vacuum-actuated valve of FIGS. 1-7. The
routine enables the valve to be actuated responsive to engine
vacuum needs so as to control motive flow through a
downstream ejector. By adjusting the valve to increase
motive flow through the ejector during low vacuum condi-
tions, more vacuum can be generated at the ejector for use
by engine vacuum consumption devices.

At 802, the routine includes estimating and/or measuring
engine operating conditions. These include, for example,
engine speed, engine temperature, atmospheric conditions
(temperature, BP, humidity, etc.), boost level, desired torque,
EGR, etc.

At 804, based on the estimated engine operating condi-
tions, a vacuum level required to operate one or more
vacuum consumption devices may be determined. For
example, a vacuum level required to provide a brake assist
via a brake booster may be determined. As another example,
a vacuum level required to actuate a wastegate for boost
control may be determined. As still another example, a
vacuum level required to fully purge a fuel system canister
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may be determined. As yet another example, a vacuum level
required to actuate a CMCV may be determined.

At 806, it may be determined if the vacuum level in a
vacuum reservoir is sufficient to meet the vacuum require-
ment of the vacuum consumption device. For example, a
vacuum level at a brake booster vacuum reservoir may be
estimated and it may be determined if there is sufficient
vacuum for providing brake assist. As another example, a
vacuum level at a waste gate vacuum reservoir may be
estimated and it may be determined if there is sufficient
vacuum for actuating the turbine wastegate. As yet another
example, a vacuum level at a vacuum reservoir coupled to
a CMCV may be estimated, and it may be determined if
there is sufficient vacuum for actuating the CMCV. Simi-
larly, the vacuum level at various other engine vacuum
consumers may be estimated. Further still, in embodiments
where the engine includes a common vacuum reservoir, the
vacuum level of the common vacuum reservoir may be
estimated.

While the routine depicts determining if there is sufficient
vacuum in the vacuum reservoir to meet the engine vacuum
demand, in still other examples, an amount of intake mani-
fold vacuum that is available under the prevalent operating
conditions may also be estimated. Therein, it may be deter-
mined if there is sufficient vacuum in the vacuum reservoir
to supplement the intake manifold vacuum in meeting the
vacuum demand of the various vacuum consumers.

If yes, then at 808, the routine includes closing the
vacuum-actuated valve upstream of the ejector to decrease
motive flow through the ejector. It will be appreciated that
in some embodiments, the motive flow control valve needs
merely be in series with the ejector. Thus, positioning the
valve downstream also would work and in the most ideal-
ized concept, would be functionally equivalent, albeit not
practically preferred. As a result of the reduced motive flow,
less vacuum may be drawn at the ejector. Closing the
vacuum-actuated valve may include the controller actuating
a vacuum vent solenoid coupled between the vacuum-
actuated valve and a vacuum reservoir in response to the
high vacuum levels at the reservoir. Alternatively, closing
the valve may include the valve closing due to (direct)
exposure to high vacuum levels at the vacuum reservoir.
Therein, the vacuum force applied on the valve by the
vacuum reservoir may overcome the spring force of the
valve’s compression springs, enabling the valve to be
closed. Closing the valve may include fully closing the valve
or moving the valve to a more closed position. In this way,
during high vacuum conditions, when vacuum does not need
to be replenished, a vacuum-actuated motive flow control-
ling valve positioned upstream of an ejector can be closed to
decrease motive flow through, and vacuum generation at, the
ejector.

While adjusting the closing the of the motive flow con-
trolling valve, at 812, the routine includes adjusting an
intake throttle based on the position of the vacuum-actuated
valve to reduce air-flow disturbances and maintain air flow
conditions. At 814, the available vacuum may then be used
to actuate and operate the vacuum consumption device(s)
coupled to the vacuum reservoir.

In comparison, if there is not sufficient vacuum in the
vacuum reservoir (at 806), then at 810, the routine includes
opening the vacuum-actuated valve upstream of the ejector
to increase motive flow through the ejector. As a result of the
increased motive flow, more vacuum may be drawn at the
ejector. Opening the vacuum-actuated valve may include the
controller actuating a vacuum vent solenoid coupled
between the vacuum-actuated valve and a vacuum reservoir
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in response to the low vacuum levels at the reservoir.
Alternatively, opening the valve may include the valve
opening due to (direct) exposure to low vacuum levels at the
vacuum reservoir. Therein, the vacuum force applied on the
valve by the vacuum reservoir may not overcome the spring
force of the valve’s compression springs, enabling the valve
to remain open. Opening the valve may include fully open-
ing the valve or moving the valve to a more open position.
In this way, during low vacuum conditions, when vacuum
needs to be replenished, a vacuum-actuated motive flow
controlling valve positioned upstream of an ejector can be
opened to increase motive flow through, and vacuum gen-
eration at, the ejector.

While adjusting the opening the of the motive flow
controlling valve, the intake throttle may be adjusted (at
812) based on the position of the vacuum-actuated valve to
reduce air-flow disturbances and maintain air flow condi-
tions. Then, the vacuum generated at the ejector and stored
in the reservoir may be used (at 814) to actuate and operate
the vacuum consumption device(s) coupled to the vacuum
reservoir.

In one example, adjusting an opening of the vacuum-
actuated valve includes increasing the opening of the
vacuum-actuated valve in response to the vacuum level at
the coupled vacuum reservoir being lower than a threshold,
and drawing vacuum at the ejector until the vacuum level at
the vacuum reservoir is above the threshold. Then, after the
vacuum level at the vacuum reservoir is above the threshold,
the vacuum-actuated valve can be closed. Therein, adjusting
the intake throttle while adjusting the valve may include,
while increasing the opening of the vacuum-actuated valve,
adjusting an opening of the intake throttle, to maintain intake
air flow rate.

An example adjustment is now shown with reference to
FIG. 9. Map 900 depicts brake pedal application at plot 902,
changes in a brake booster vacuum level at plot 904, an
opening or closing of the vacuum-actuated motive flow
control valve at plot 906, and changes to motive flow at the
ejector at plot 908.

At t0, a vacuum level at the brake booster vacuum
reservoir may be higher than a valve closing threshold 903.
In response to the high vacuum level, the vacuum-actuated
motive flow control valve upstream of the ejector may be
actuated closed (plot 906), thereby reducing motive flow
through the ejector (plot 908). Between t0 and t1, the brake
pedal may be applied multiple times (plot 902). As such,
since the brake booster is a vacuum-actuated device, with
each application of the brake pedal, vacuum may be dissi-
pated from the brake booster vacuum reservoir such that by
t1, the vacuum level at the reservoir is below valve opening
threshold 905. As depicted, valve opening threshold 905
may correspond to a lower level of vacuum than valve
closing threshold 903.

In response to the low vacuum level, at t1, the vacuum
actuated valve may be actuated open (plot 906). Specifically,
the low vacuum force may not be sufficient to overcome the
compression force of the valve’s springs, causing the valve
to open. As a result of the valve being opened, motive flow
through the ejector may increase and vacuum may be
generated at the ejector. Between t1 and t2, vacuum may
continue to be drawn and the drawn vacuum may be stored
at the vacuum reservoir. That is, between t2 and t3, the
reservoir may be replenished with vacuum.

At 12, the vacuum level at the reservoir may rise above
valve closing level 903. In response to the high vacuum
level, the vacuum actuated valve may be actuated close (plot
906). Specifically, the high vacuum force may overcome the
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compression force of the valve’s springs, causing the valve
to close. As a result of the valve being closed, motive flow
through the ejector may decrease and vacuum generation at
the ejector may be reduced (or stopped). In this way, an
opening of a vacuum-actuated valve coupled upstream of an
ejector may be adjusted to vary a motive flow through the
ejector, where the ejector is coupled across an intake throttle,
the valve coupled to a vacuum reservoir.

In some embodiments, the vacuum-actuated valve of
FIGS. 1-7 may be opened or closed so as to operate the
engine system in different modes based on the engine
vacuum requirements. As one example, an engine system
may comprise an engine including an intake manifold, the
intake manifold coupled to a vacuum reservoir along a first
passage; an intake throttle upstream of the intake manifold;
an ejector positioned in a bypass passage across the intake
throttle, a neck of the ejector coupled to the vacuum reser-
voir along a second passage, an outlet of the ejector coupled
to the vacuum reservoir and the intake manifold along the
first passage. The engine system may further include a
vacuum-actuated valve coupled in the bypass passage
upstream of an inlet of the ejector, the vacuum-actuated
valve coupled to the vacuum reservoir. An engine controller
may be configured with computer-readable instructions for
operating the engine system in a first mode with the vacuum-
actuated valve open to increase motive flow through the
ejector. The controller may further include instructions for
operating the engine system in a second mode with the
vacuum-actuated valve closed to decrease the motive flow.
The engine system may be operated in the first mode when
a vacuum level in the vacuum reservoir is below a threshold
and operated in the second mode when the vacuum is above
the threshold. The operating in the first mode may be
continued until the vacuum level is higher than the thresh-
old. Then, engine system operation may be transitioned from
the first mode to the second mode after the vacuum level is
higher than the threshold level.

In another example, a method for controlling motive flow
through an ejector includes, when vacuum level at a vacuum
reservoir is lower than a threshold, operating in a first mode
with a vacuum-actuated valve located upstream of the
ejector open to increase the motive flow; and when vacuum
level at the vacuum reservoir is higher than the threshold,
operating in a second mode with the vacuum-actuated valve
closed to decrease the motive flow. Herein, operating in the
first mode includes operating in the first mode until the
vacuum level is higher than the threshold, the method further
comprising, transitioning to operating in the second mode
after the vacuum level is higher than the threshold level.

In this way, a motive flow control valve may be pneu-
matically controlled to vary motive flow through an ejector.
By actuating the valve using a vacuum source, the opening
and closing of the valve may be adjusted based on vacuum
requirements. In particular, during low vacuum conditions,
when a vacuum source needs to be replenished, the vacuum-
actuated valve may be opened to increase motive flow at the
ejector, and draw more vacuum from the ejector. Then, high
vacuum conditions, when the vacuum source does not need
to be replenished, the vacuum-actuated valve may be closed
to decrease motive flow at the ejector, and draw less vacuum
from the ejector. The approach enables vacuum needs to be
met by varying motive flow without degrading an intake
throttle’s ability to establish a low airflow rate during idling
conditions. Overall, vacuum generation efficiency is
increased at low component cost and complexity.

Note that the example control and estimation routines
included herein can be used with various system configu-
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rations. The specific routines described herein may represent
one or more of any number of processing strategies such as
event-driven, interrupt-driven, multi-tasking, multi-thread-
ing, and the like. As such, various actions, operations, or
functions illustrated may be performed in the sequence
illustrated, in parallel, or in some cases omitted. Likewise,
the order of processing is not necessarily required to achieve
the features and advantages of the example embodiments
described herein, but is provided for ease of illustration and
description. One or more of the illustrated actions, functions,
or operations may be repeatedly performed depending on the
particular strategy being used. Further, the described opera-
tions, functions, and/or acts may graphically represent code
to be programmed into computer readable storage medium
in the control system

Further still, it should be understood that the systems and
methods described herein are exemplary in nature, and that
these specific embodiments or examples are not to be
considered in a limiting sense, because numerous variations
are contemplated. Accordingly, the present disclosure
includes all novel and non-obvious combinations of the
various systems and methods disclosed herein, as well as
any and all equivalents thereof.

The invention claimed is:

1. A method for an engine, comprising:

determining a vacuum level at a vacuum reservoir and

opening a vacuum-actuated valve responsive to the
vacuum level at the vacuum reservoir to vary a motive
flow through an ejector arranged in a bypass passage
coupled across an intake throttle, the valve coupled
upstream of the ejector in the bypass passage, wherein
a position of the valve is controlled by a vacuum
actuator arranged in a passage coupled to the vacuum
reservoir; wherein the opening responsive to the
vacuum level at the vacuum reservoir includes increas-
ing the opening of the vacuum-actuated valve in
response to the vacuum level at the vacuum reservoir
being lower than a threshold.

2. The method of claim 1, further comprising, drawing
vacuum at the ejector and storing the drawn vacuum at the
vacuum reservoir.

3. The method of claim 2, wherein a neck of the ejector
is coupled to the vacuum reservoir along a first passage, an
outlet of the ejector is coupled to the vacuum reservoir along
a second passage, and wherein the passage in which the
vacuum actuator is arranged is coupled to the vacuum
reservoir along a third passage, the first, second, and third
passages merging downstream of an outlet of the vacuum
reservoir, each of the first and second passages including a
check valve.

4. The method of claim 3, wherein the second passage
further couples the vacuum reservoir to an engine intake
manifold downstream of a juncture with the ejector outlet
and wherein the vacuum-actuated valve is coupled to the
vacuum reservoir along the third passage via a vacuum vent
solenoid.

5. The method of claim 3, wherein the third passage
includes one or more orifices for tuning a rate of opening and
closing of the vacuum-actuated valve.

6. The method of claim 2, wherein a neck of the ejector
is coupled to the vacuum reservoir along a first passage, an
outlet of the ejector is coupled to the vacuum reservoir along
a second passage, the second passage further coupling the
vacuum reservoir to an engine intake manifold downstream
of a juncture with the ejector outlet, each of the first and
second passages including a check valve.
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7. The method of claim 2, wherein the vacuum reservoir
is coupled to one or more engine vacuum consumption
devices.

8. The method of claim 2, wherein the vacuum reservoir
is coupled to one or more of a brake booster, a purge
canister, a charge motion control valve, and a turbine waste-
gate.

9. The method of claim 2, wherein drawing vacuum
includes drawing vacuum at the ejector until the vacuum
level at the vacuum reservoir is above the threshold.

10. The method of claim 9, further comprising, after the
vacuum level at the vacuum reservoir is above the threshold,
closing the vacuum-actuated valve.

11. The method of claim 10, further comprising, while
increasing the opening of the vacuum-actuated valve, adjust-
ing an opening of the intake throttle to maintain intake air
flow rate.

12. The method of claim 1, wherein the vacuum-actuated
valve is a vacuum-actuated throttle valve.

13. A method for controlling motive flow through an
ejector, comprising:

determining a vacuum level at a vacuum reservoir and

when the vacuum level at the vacuum reservoir is lower
than a threshold, operating in a first mode by opening
a vacuum-actuated valve located upstream of the ejec-
tor with a vacuum actuator, the vacuum actuator
arranged in a passage directly coupled with the vacuum
reservoir, to increase the motive flow; and

when the vacuum level at the vacuum reservoir is higher

than the threshold, operating in a second mode by
closing the vacuum-actuated valve with the vacuum
actuator to decrease motive flow; wherein operating in
the first mode includes operating in the first mode until
the vacuum level is higher than the threshold, the
method further comprising, transitioning to operating
in the second mode after the vacuum level is higher
than the threshold.

14. A method for an engine including a vacuum-actuated
valve coupled upstream of an ejector, comprising:

determining a vacuum level at a vacuum reservoir; adjust-

ing motive flow through the ejector based on vacuum
demand by adjusting a position of the valve;

indicating a position of the valve based on an output of a

position sensor coupled to an actuator of the valve; and
adjusting an engine intake air flow based on the indicated
position of the valve; wherein the vacuum-actuated
valve is further coupled to a vacuum reservoir, the
method further comprising, indicating a vacuum level
of the reservoir based on the output of the position
sensor; wherein the indicating includes: in response to
a first output from the position sensor, indicating that
the vacuum-actuated valve is open and the vacuum
level of the reservoir is below a first threshold; and in
response to a second, different output from the position
sensor, indicating that the vacuum-actuated valve is
closed and the vacuum level of the reservoir is above a
second threshold, higher than the first threshold.
15. A method for an engine, comprising:
determining a vacuum level at a vacuum reservoir and
opening a vacuum-actuated valve responsive to the
vacuum level at the vacuum reservoir to vary a motive
flow through an ejector arranged in a bypass passage
coupled across an intake throttle, the valve coupled
upstream of the ejector in the bypass passage, wherein
a position of the vacuum-actuated valve is controlled
by a vacuum actuator, the vacuum actuator arranged in
a passage coupled with a bore of the throttle upstream
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of a juncture of the bypass passage and an intake
manifold; wherein the vacuum-actuated valve is closed
via the vacuum actuator when the throttle is in a closed
position, and wherein the vacuum-actuated valve is
opened via the vacuum actuator when the throttle is in
an open position.

16. The method of claim 1, wherein the vacuum actuator
is indirectly coupled to the vacuum reservoir via a solenoid,
the solenoid controlled by a controller based on the vacuum
level in the vacuum reservoir, and wherein a position of the
vacuum actuator is controlled by the solenoid.

17. The method of claim 16, wherein the vacuum actuator
comprises a vent.

18. The method of claim 17, wherein the vent is connected
to the bypass passage upstream or downstream of the
vacuum-actuated valve.

19. The method of claim 17, wherein the vent is connected
to atmosphere.
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